In human society, which is organized by social hierarchies, resources are usually allocated unequally and based on social status. In this study, we analyze how being endowed with different social statuses in a math competition affects the perception of fairness during asset allocation in a subsequent Ultimatum Game (UG). Behavioral data showed that when participants were in high status, they were more likely to reject unfair UG offers than in low status. This effect of social status correlated with activity in the right anterior insula (rAI) and with the functional connectivity between the rAI and a region in the anterior middle cingulate cortex, indicating that these two brain regions are crucial for integrating contextual factors and social norms during fairness perception. Additionally, there was an interaction between social status and UG offer fairness in the amygdala and thalamus, implicating the role of these regions in the modulation of social status on fairness perception. These results demonstrate the effect of social status on fairness perception and the potential neural underpinnings for this effect.
Introduction
Fairness is a crucial norm in human and animal social behavior. The past couple of decades have provided an abundance of findings that people tend to maintain fairness norms by punishing individuals who behave unfairly, even at personal costs to themselves. Economic games, like the Ultimatum Game (UG), have been the primary experimental tools used to find the mechanisms that drive human fairness (Gü th, 1982) . UG involves two players, one of whom (the proposer) divides a sum of money between the two players and the other (the responder) who decides whether or not to reject the allocation of the money, which results in both parties coming away with nothing. The responder's rejection of an unfair UG offer is often associated with inequity aversion elicited by unfairness and seen as punishment of norm-violating behaviors, which makes UG especially useful in testing for fairness considerations. A desire for fairness in UG holds even when the asset distribution has no effect on the participant (Loewenstein et al., 1989) and is affected by certain variables such as social comparison (Wu et al., 2011a) , intention (Radke et al., 2012) , loss-gain domain (Zhou and Wu, 2011) and the social distance between the two parties (Wu et al., 2011b) .
Among these social factors, the social status of the individuals involved in asset distribution has a clear effect on fairness consideration (Albrecht et al., 2013; Hu et al., 2014) . Albrecht et al. (2013) found that individuals with higher status (as determined by scores on a quiz) were less satisfied with disadvantageous unequal offers than their lower status counterparts, supporting the perspective that high-status individuals feel entitled to more than low-status individuals in bargaining situations (Ball et al., 2001) . Consistent with these studies, in one of our previous studies , we dynamically manipulated individuals' social status through a simple task and found that individuals reject more unfair offers when endowed with high status than when endowed with low status. Although it is common knowledge that endowment of low status induces negative emotions (Kraus et al., 2011) , which make an individual more likely to reject offers in UG (Harlé and Sanfey, 2007) , research has shown that deference in low status and entitlement in high status increase the high-status individuals' rejection rate for unfair offers during asset distribution (Albrecht et al., 2013 , which reinforces the importance of a social hierarchy in fairness interactions. In this study, combining our previous paradigm with functional magnetic resonance imaging (fMRI), we aimed to investigate the neural effects of social status on fairness consideration by recording the brain hemodynamic response while participants, as responders in the UG, were offered a range of fair and unfair asset distributions after being endowed with both high and low social status.
Previous neuroimaging studies have shown that several brain regions are involved in fairness consideration, such as the anterior insula (AI), anterior cingulate cortex/anterior middle cingulate cortex (ACC/aMCC), amygdala, and dorsolateral prefrontal cortex (DLPFC) (van den Wu et al., 2014) . It is suggested that activations of the AI and ACC/aMCC are associated with negative affect elicited by unfair asset distribution (Sanfey et al., 2003; Gü roglu et al., 2010) and with reaction to norm-violating behaviors (King-Casas et al., 2008; Xiang et al., 2013) . Moreover, the involvement of the DLPFC in UG is associated with the top-down inhibition of self-interested impulses to accept unfair offers (Knoch et al., 2006 (Knoch et al., , 2008 Gü roglu et al., 2010) . Recent studies have also shown that amygdala activity is related to inequity aversion (Haruno and Frith, 2010; Gospic et al., 2011) . Another line of research on social status has shown that social status processing involves the amygdala and hippocampus (Kumaran et al., 2012) and the medial prefrontal cortex (Zink et al., 2008; Wang et al., 2014) . For instance, Kumaran et al. (2012) found that the amygdala/anterior hippocampus not only tracked knowledge about social rank, but also expressed signals coding for social rank which influenced the effect of social rank on behavior. Taken together, these findings suggest that the amygdala may encode both social status and fairness considerations.
In this study, we were interested in how responders' own social status affects the behavioral responses (i.e. rejection) to UG offers and the underlying neural mechanisms of this effect. At the behavioral level, in line with previous studies, we predicted that rejection rates for unfair offers would increase with the responders' social status . At the neural level, we expected that the activations of brain regions involved in fairness consideration, such as the AI, ACC/aMCC, amygdala, and DLPFC, may be modulated by the level of social status. In addition, we were also interested in identifying which brain regions' activations and/or functional connectivity could predict the effect of social status on individuals' responses to unfair offers.
Materials and methods

Participants
Thirty-three right-handed undergraduate and graduate students participated in the experiment. Ten participants were excluded from the data analysis: four were excluded because they were suspicious of the cover story or accepted all UG offers regardless of the fairness level, four participants were excluded due to excessive head movement and two were excluded due to equipment malfunction. The remaining 23 participants were aged between 19 and 25 years (mean ¼ 21.22, s.d. ¼ 1.73; 13 female). No participants reported any history of psychiatric, neurological or cognitive disorders. Informed, written consent was obtained from each participant before scanning. The study was carried out in accordance with the Declaration of Helsinski and was approved by the Ethics Committee of the Department of Psychology, Peking University.
Design and procedure
The experiment had a 2 Â 2 within-participant factorial design, with the first factor referring to social status (low vs high) and the second factor referring to offer fairness (unfair vs fair). Similar to past fMRI research (Zink et al., 2008) , social status was assigned using a star system, with one star indicating low status, two stars indicating middle status (filler condition), and three stars indicating high status. UG offers were considered unfair if they were 3 out of 10 yuan and fair if !4 out of 10 yuan. We also included sub-fair offers ranging between 3 and 4 out of 10 yuan as filler trials. No offer was >5 yuan.
On arriving at the laboratory, participants were informed that the experiment involved two roles: one role entailed acting as the proposer in UG, and the other as the recipient. Participants were also informed that six proposers were not being scanned and would be seated in a separate computer laboratory with computers that were connected to the fMRI laboratory via internet. Proposers were six same-sex confederates and only their pictures were used. To increase the perceived connection with other players but also to control for the potential effects of attractiveness on UG offer responses, pictures were only used during the status-inducing task and were not used in UG. During UG, the participants were notified that only their status and not any personal information (e.g. photo) or decision information (UG accept or reject responses) would be seen by the proposer.
The experiment was composed of two alternating tasks, both of which were performed in the scanner. Each task was performed in each of the six sessions. The first was a math competition (i.e. 'rank-inducing session'; Zink et al., 2008; Boksem et al., 2012) between the participant and the 6 same-sex confederates who would later act as proposers in UG ( Figure 1A and Supplementary Method). After each rank-inducing session which included six trials, the participant was shown his/her rank in comparison with the six confederates (2 assigned to each ranking, with rankings randomly changed after each rankinducing session; Figure 1B ). The participant was endowed with each of the two critical levels of rank-high and low-each for two sessions, with another two sessions of middle rank as filler. The sequence of the participant's rank was Latin-squared across participants.
The second task was UG ( Figure 1C ). Participants acted as recipients in all rounds of UG. At the start of each UG trial, participants were shown their own star ranking derived from the preceding rank-inducing session (which remained the same throughout the entire session) beneath a self-photo (facial portrait, subtended 1.5 Â 1.6 ) and were informed that they had been successfully matched to a proposer for that trial, which lasted between 1000 and 2000 ms. The participant was then informed that the proposer was deciding on an offer, which lasted between 1000 and 2000 ms. Then the proposer's offer was shown to the participant. After 3000 ms of viewing the offer, the participant was asked to make a decision (accept or reject) within 3000 ms. As confirmation of the decision, a box was placed around the decision selection. After 3000 ms, the next trial began. Each offer type (unfair and fair) appeared 20 times for each status level (low, middle, high), resulting in 4 trials for each specific offer level (unfair: 1/9, 1.5/8.5, 2/8, 2.5/7.5, 3/7; fair: 4/6, 4.2/5.8, 4.5/5.5, 4.8/5.2, 5/5) for each social status level. The sub-fair offers (3.2/6.8, 3.8/6.2) appeared 8 times for each status level. The number before the slash denoted the amount offered to the recipient and the number after the slash denoted the amount given to the proposer. Participants were endowed with each rank for 2 sessions; each session consisted of 24 UG offers (10 unfair, 10 fair and 4 sub-fair offers). Unknown to the participant, all the offers were predetermined by a computer program and pseudo-randomized with the restriction that no more than three consecutive trials were of the same offer fairness. After 24 rounds of UG, the participant performed the next session of the rank-inducing task during which he or she would obtain a new rank before entering the next 24 rounds of UG. Although the participants were aware that their decisions in each trial would not be sent to the proposers immediately, they were explicitly instructed that their decisions in UG (i.e. acceptance or rejection of the offers) would determine the proposers' and their own final payments. Before scanning, participants practiced at least 6 arithmetic expressions and 10 trials of UG until they felt comfortable with the buttons and presentation layout. After the experiment, participants reported on a 7-point Likert scale to what extent they felt superior or inferior (1 ¼ very inferior; 7 ¼ very superior) to the other players in the experiment while occupying each of the social status levels. Participants also indicated to what extent they were influenced by their social status during the UG (1 ¼ influenced very little; 7 ¼ influenced very much). To measure for perceived entitlement, two post-experimental measures were recorded for both low and high social status: participants indicated their minimal acceptable amount (out of 10 yuan) during UG and how much they would allocate to a recipient if they were proposer in UG. Finally, participants reported their socioeconomic status (i.e. parents' highest level of education and annual income) and completed the MacArthur Subjective Social Status Scale (Adler, 2000) , which asks participants to indicate their subjective status in Chinese society on a ladder, with the lowest rungs indicating individuals with the lowest level of money, education and vocation and the highest rungs indicating individuals with the highest level of money, education and vocation. Finally, we randomly selected 10 rounds of UG and averaged the participant's payoff according to his/her decisions as a bonus in addition to his/her basic payment.
MRI data acquisition
Imaging data were collected using a GE-MR750 3.0 Tesla scanner with a standard head coil at Tongji University, Shanghai, China. T2*-weighted echo-planar images with blood oxygenation leveldependent (BOLD) contrast were acquired in 40 axial slices parallel to the AC-PC line with an interslice gap of 3.1 mm, allowing for full-brain coverage. Images were acquired in an interleaved order, with a repetition time of 2000 ms, an echo time of 30 ms, Fig. 1 . Task, timing and design. The experiment was composed of two alternating tasks, both of which were performed in the scanner: the first was a math competition (i.e. rank-inducing session); the second was UG. Each session of the math competition was composed of six arithmetic expressions (A). Participants were given 10 s for each question to indicate, by pressing the left or right button corresponding to the "F" or "J" expression, which expression had a greater value. After each session, participants were given a ranking in relation to six same-sex confederates who would later act as proposers in UG (B). After ranks were given, the participant entered UG as the recipient (C). Each session of UG was composed of 24 UG offers with randomly paired and anonymous proposers. Each trial of UG began with a fixation, which was followed by the participant's self-portrait, self-ranking, and a notification that the computer was randomly pairing the participant with a proposer (1-2 s). After the proposer was paired, the participant waited for 1-2 s while the proposer made the offer decision (ranging from 1 to 5 yuan out of 10 yuan). The participant then viewed the offer for 3 s and was given 3 s to accept or reject the offer (fMRI data analysis was conducted during this 6 s time frame). a flip angle of 90 and a field of view of 200 mm Â 200 mm, and 3.1 mm Â 3.1 mm Â 3.1 mm voxels.
fMRI preprocessing
Preprocessing of the fMRI images was done using Statistical Parametric mapping software SPM8 (Wellcome Trust Department of Cognitive Neurology, London, UK), which was run through MATLAB (Mathworks). For each run, the first five volumes were discarded to allow for stabilization of magnetization. Then, the remaining images were slice-time corrected, motioncorrected, re-sampled to 3 Â 3 Â 3 isotropic voxel, normalized to Montreal Neurological Institute (MNI) space and spatially smoothed using an 8 mm FWHM Gaussian filter. Data were filtered using a high-pass filter with 1/128 Hz cutoff frequency.
General linear model analyses
To analyze how social status influenced the entire decisionmaking processes, we estimated a general linear model (GLM) of blood-oxygen-level-dependent (BOLD) responses, which combined BOLD responses during the viewing of the UG offer and during the implementation of each UG decision (accept or reject). For the first-level analysis, nine regressors of interest were included in the model for each participant: low status unfair offer, low status sub-fair offer, low status fair offer, middle status unfair offer, middle status sub-fair offer, middle status fair offer, high status unfair offer, high status sub-fair offer and high status fair offer. In addition, we included the onsets of the partner pairing screen and the proposer deciding screen as regressors of no interest in the model. Six head motion parameters were included as regressors of no interest in all models. All regressors of interest were convolved with a canonical hemodynamics response function (HRF). For the second-level group analysis, four beta images of interest (low status unfair offer, low status fair offer, high status unfair offer and high status fair offer) were fed into a flexible factorial model. We defined four contrasts corresponding to the main effects of fairness and status ('Unfair > Fair', 'Fair > Unfair', 'High status > Low status' and 'Low status > High status'). We tested the interaction contrast values '(Low status unfair À Low status fair) À (High status unfair À High status fair)'. We also conducted a one-sample t-test for the correlation between the contrast of interest (High status unfair À Low status unfair) and the measure of social status effect (i.e. the increased rejection rate for unfair offers in the high-status condition relative to the low-status condition).
Psycho-physiological interaction analysis
The GLM analysis showed that activity in the right anterior insula (rAI) during the contrast of interest (High status unfair offer À Low status unfair offer) was associated with individual differences in rejection rates during UG. We were interested in the functional connectivity between rAI and a network of brain regions during the UG offer fairness processing. In order to test for how functional connectivity between brain regions during unfairness processing varied with social status, we estimated a psychophysiological interaction (PPI) model (Friston et al., 1997) for the contrast of interest (High status unfair offer À Low status unfair offer). We defined a 3 mm radius volume of interest around the peak coordinates of rAI. This rAI seed region was extracted from the whole-brain correlation analysis mentioned above. As we were most interested in the regions for which the change in the functional connectivity with the rAI varied with the differences in rejection rates of unfair offers between high and low status, we correlated this social status measure (High status unfair rejection rate À Low status unfair rejection rate) with the contrast of interest (High status unfair offer À Low status unfair offer) in the PPI model. More specifically, the PPI regressor was the element-byelement product of the physiological activity in rAI and the vector coding for the effect of social status on unfair offers. The model included this product convolved by the canonical HRF as the effect of interest, and the main effect of social status convolved by the HRF, neural time course for rAI and the six head-movement regressors as effects of no interest. We ran the PPI model and generated contrast images for the effect of interest. At the second level, we entered the contrast images and the difference in rejection rate (High status unfair À Low status unfair) into the regression model to check for regions for which the changes in connectivity with the rAI correlated with the rejection rate difference (High status unfair À Low status unfair) (Passamonti et al., 2008; Yu et al., 2014) . Throughout the GLM and PPI analysis, we used the AFNI program AlphaSim to determine our significance criterion. Areas of activation were identified as significant only if they passed the threshold of a corrected P < 0.05 with a minimum of 23 contiguous voxels each significant at P < 0.001, uncorrected.
Results
Behavioral results
The behavioral variable of interest was the rejection rate of UG offers. A repeated-measures analysis of variance (ANOVA) showed that rejection rates varied as a function of both social status [F(1, 22) ¼ 9.52, P ¼ 0.005, g Pairwise comparisons showed that rejection rates for participants in high social status (mean 6 standard error, 0.42 6 0.01) were greater than when in low status (0.38 6 0.01). As expected, participants rejected unfair offers (0.75 6 0.02) more than fair offers (0.05 6 0.02). Tests for simple effects showed that unfair offers were rejected more by participants in high status (0.79 6 0.03) than in low status (0.72 6 0.03), P ¼ 0.011; this difference did not exist for fair offers, P ¼ 0.50. Figure 2 displays the rejection rates of UG offers in low and high social status.
A one-factor (star ranking: one star vs three star ranking) repeated-measures ANOVA confirmed that the manipulation of In particular, participants evidenced higher minimum acceptable amounts in high status (3.4 6 0.06) than in low status (3.0 6 0.06), and indicated that they would allocate to themselves a greater amount while in high status (5.73 6 0.12) than in low status (4.94 6 0.12).
The primary behavioral measure was the difference in rejection rates between high and low status. This measure proved to be an effective representation of the behavioral data as it positively correlated with how superior participants reported feeling in the high status condition (r ¼ 0.46, P ¼ 0.028, d.f. ¼ 21) and with participants' self-reports of being influenced by their social status during the UG (r ¼ 0.82, P < 0.001, d.f. ¼ 21). Additionally, it is unlikely that this measure was confounded by participant social status outside the experiment, as it was not correlated with either objective (i.e. socioeconomic status) or subjective social status (parent highest level education, P ¼ 0.6; annual family income, P ¼ 0.35; subjective social status, P ¼ 0.74).
fMRI results
Main effects of social status and fairness. To confirm our results with past findings on UG, we estimated a GLM of the BOLD responses during the UG offer encoding process. We first identified voxels that were more activated for unfair UG offers than for fair UG offers. Consistent with past research (Sanfey et al., 2003 , there was a main effect of unfairness, with greater activation for unfair offers than for fair offers in the ACC, which extended to the supplementary motor area/ middle cingulate cortex (SMA/MCC; Figure 3A and Table 1) , and in the DLPFC ( Figure 3B ). It is surprising that we found no insula activation during the unfair > fair contrast; however, if we relax our threshold (P < 0.005, minimum cluster extent ¼ 46 voxels, a threshold of corrected P < 0.05 according to AlphaSim), we did find significant activity in the left AI (x ¼ À39, y ¼ 11, z ¼À8, Mas T-value ¼ 3.10, k ¼ 75). There was no significant activation for the reversed contrast (fair > unfair) or for the main effect of social status.
Interaction between social status and fairness. In addition to the main effect of unfairness, the analysis also revealed an interaction between fairness and social status [(Low status unfair À Low status fair) À (High status unfair À High status fair)] in the left amygdala (x ¼ À21, y ¼ À4, z ¼ À11; Figure 4A ), left thalamus (x ¼ À15, y ¼ À19, z ¼ 4; Figure 4C ) and left precentral gyrus (x ¼ À36, y ¼ À22, z ¼ 64; Supplementary Figure) . The left amygdala beta values were greater in low status unfair (0.14 6 0.02) than low status fair (0.07 6 0.02, P ¼ 0.015), and showed no difference between high status unfair (0.08 6 0.02) and high status fair (0.12 6 0.02, P ¼ 0.140) ( Figure 4B ). The left thalamus beta values were also greater in low status unfair (0.04 6 0.02) than low status fair (À0.04 6 0.02, P ¼ 0.001), and showed no difference between high status unfair (À0.005 6 0.02) and high status fair (À0.02 6 0.02, P ¼ 0.469) ( Figure 4D ).
Correlation analyses.
At the group level, we performed a wholebrain analysis to identify brain regions that correlated with the increased rejection rate for unfair offers in the high-status condition relative to unfair offers in the low-status condition. For the contrast of interest (High status unfair -Low status unfair), activations of the rAI (Table 2 ) correlated positively with increases in rejection rate in the high status unfair condition relative to the low status unfair condition ( Figure 5 ).
Functional connectivity analysis. Given that activity in the right AI during the contrast of interest (High status unfair offer À Low status unfair offer) was positively associated with the increased likelihood to reject unfair offers in high status (Figure 5 ), we were interested in finding a network of brain areas that were functionally connected during status-related fairness processing. A PPI comparing the high status unfair condition and low status unfair condition showed that the amount of increased rejection rates significantly correlated with the change in connectivity between the rAI and the aMCC (Craig, 2009) (Figure 6 and Table 2 ). A whole-brain analysis revealed no significant changes in connectivity between the right AI and other voxels of the brain.
Discussion
It is important to understand the effects of social status on fairness perception for many reasons. Humans, and many social animals (Rabb et al., 1967; Sapolsky, 2005; Grosenick et al., 2007) , have evolved social hierarchies, and within these hierarchies resources are allocated unequally and based on social status. and bilateral DLPFC (B). Activations were thresholded at corrected P < 0.05 (voxel-wise P < 0.001 uncorrected with a minimum cluster extent of 23 voxels). Note. MNI coordinates are reported for peak activation.
Here we used a paradigm in which the social status of participants was manipulated through math competitions before acting as recipients in UG. Importantly, the paradigm allowed us to test the neural tracking of social status influences on fairness perception using a within-subject design, thereby avoiding many potentially confounding factors. At the behavioral level, participants were more likely to reject unfair offers when they were in high status than when they were in low status. At the neural level, we found that the left AI, ACC/SMA and bilateral DLPFC were activated in the unfairness vs fairness contrast. Interestingly, an interaction between social status and UG offer fairness was found in the thalamus and amygdala. Furthermore, individual difference analyses revealed that individuals who rejected more unfair offers in the high-status relative to in the low-status condition had increased right AI activation and stronger functional connectivity between the right AI and the ACC/aMCC when they were exposed to unfair offers in the high-status than in the low-status condition. These findings further reinforced the importance of an AI connection to the ACC/aMCC during the perception of asset distribution between individuals within a hierarchy.
The increased likelihood of rejecting unfair offers while in high status than in low status is in line with past research showing an entitlement effect during asset distribution (Ball et al., 2001; Albrecht et al., 2013; Hu et al., 2014) . In support of this entitlement effect, post-experiment questionnaire data showed that, when compared with low status, participants in high status had a higher bottom line and indicated that they would allocate more to themselves if given the opportunity to act as proposer in UG. This entitlement effect may have arisen from differences in orientations toward others while occupying different levels of social status. In comparison with high status, low-status individuals tend to give more to strangers (Piff et al., 2010) , which is true even for children as young as 4 and 5 years of age (Guinote et al., 2015) , and individuals in low status are less likely to break laws or social norms (Piff et al., 2012) . This increased tendency for prosocial behavior in low-status individuals may be used to increase status (Flynn et al., 2006) , as decreased rejection rates would lead to a happier partner and, in this study, would lead to an increase in money earned during UG, suggesting that the entitlement effect may be an adaptive mindset for low-status individuals in social hierarchies. . Activity in this region was greater for unfair offers during low status; no difference is evident between unfair and fair offers in the high-status condition (B). Interaction between fairness and social status [(Low status unfair À Low status fair) À (High status unfair À High status fair)] also revealed significant activity in the left thalamus (C). Activity in this region was greater for unfair offers than for fair offers in low status; no difference is evident between unfair and fair offers in the high-status condition (D).The beta values were the averaged beta values across the voxels in a spherical region with 3 mm radius and centered at the peak coordinate of the activation region. Activations were thresholded at corrected P < 0.05 (voxel-wise P < 0.001 uncorrected with a minimum cluster extent of 23 voxels).
Consistent with previous studies, we found that unfair offers evoked stronger activations in the left AI, ACC/SMA and bilateral DLPFC than fair offers (Sanfey et al., 2003; Dulebohn et al., 2009; Gabay et al., 2014) . A likely explanation for the AI activity is that it represents and responds to violations of fairness norms (Civai et al., 2012; Corradi-Dell'Acqua et al., 2013; Gabay et al., 2014) . In this study, stronger AI activity in the high status unfair condition was associated with a higher rejection rate for unfair offers in high status. Given that when individuals are endowed with high status, they feel entitled to more in bargaining situations (Ball et al., 2001; Albrecht et al., 2013) and have stronger motivation to preserve their social standing (Blader and Chen, 2012; Hu et al., 2014) , the association between higher AI activity and higher rejection rates for unfair offers in the high-status condition suggests that AI is engaged in the integration of motivation (e.g. inequity aversion) and contextual factors (e.g. social status level) to promote punishing norm violations (Sanfey et al., 2003; Seymour et al., 2007; White et al., 2014) . This interpretation is in line with a recent study which showed that the AI is associated with rejections of unfair offers regardless of whether the recipient of the offer is a stranger or the participant him/herself (Corradi-Dell'Acqua et al., 2013) and with research showing that the AI integrates cognitive, emotional and motivational information (Singer et al., 2009; Lamm and Singer, 2010) .
It is surprising that we did not find a main effect of brain activation for social status, especially since research has shown that viewing differently ranked others increases activity in a wide array of brain regions related to cognition and affect in social settings (i.e. dorsomedial prefrontal cortex and amygdala; Zink et al., 2008) . One reason for the lack of a main effect, however, may be because in past studies on social status, participants focused solely on the processing of social status information itself (Zink et al., 2008; Kumaran et al., 2012) , whereas in this study, the participants processed fairness in the context of social status. In line with this reasoning, we did find an interaction between social status and UG offer fairness in the thalamus and amygdala, which both have been implicated in the representation of social hierarchy information (Zink et al., 2008; Kumaran et al., 2012) and in processing inequity (Haruno and Frith, 2009; Gospic et al., 2011; Lamichane et al., 2014) , suggesting that these brain regions may be crucial for the modulation of social status on fairness processing.
Past research on social status processing showed that the thalamus was most activated when viewing superior others in unstable social hierarchies (Zink et al., 2008) . However, this study showed that thalamus activity is related to the effect of one's own status on fairness processing. In particular, the interaction between social status and fairness appears to be driven by a large difference in neural response to UG offer fairness in low but not in high social status ( Figure 4D ), which may suggest that the thalamus activation reflects motivational concerns related to social status and its effects on fairness processing (Haber and Calzavara, 2009) .
In this study, while the amygdala showed stronger activation to unfair offers than fair offers in the low-status condition, this pattern was absent in the high-status condition. It is possible that the neural effect of social status on the amygdala Fig. 5 . Group level whole-brain analysis revealed a significant positive correlation between activity in the right AI and the increased tendency to reject unfair UG offers in high status for the contrast of interest (High status unfair -Low status unfair) (A). Scatter plot displaying the significant relationship between the rAI and the increased tendency to reject unfair UG offers in high status (B), as reported in (A). The finding remained significant after removal of the two participants whose rejection rate differences were greater than 2 s.d. above the group mean. The beta values were the averaged beta values across the voxels in a spherical region with 3 mm radius and centered at the peak coordinate of the activation region. Activations were thresholded at corrected P < 0.05 (voxel-wise P < 0.001 uncorrected with a minimum cluster extent of 23 voxels). Note, the scatter plot is for the illustration of the correlation reported in (A) and was not subject to additional statistical analyses. resulted from changes in hormone and neurotransmitter levels while occupying different social statuses. Changes in social status have been shown to influence the neuroendocrine system (Chiao, 2010; Knight and Mehta, 2014; Zilioli et al., 2014) . For example, changes in social status affect testosterone levels of individuals in a hierarchy (Zilioli et al., 2014) . Moreover, manipulation of hormone and neurotransmitter levels can change amygdala responses to positive and negative stimuli. In a recent study, Aupperle et al. (2011) showed that the amygdala exhibits a stronger activation during the anticipation of positive stimuli than during the anticipation of negative stimuli; additionally, Pregabalin, an anxiolytic which decreases the levels of certain neurotransmitters, can reverse this amygdala activation pattern. Given these findings, we speculate that the difference in amygdala activity between participants in high and low status may be due to changes in hormone or neurotransmitter levels, which influence downstream fairness processing of UG offers in the amygdala. Nevertheless, the neurobiological basis of this effect still needs to be clarified in future studies. At the group level, individual difference analysis showed that activity in the right AI positively correlated with the difference between the rejection rates for unfair offers in the highand low-status conditions, suggesting that the insula may act to integrate fairness preferences and social status information to modulate punishments of unfair behaviors. In support of this postulate, the PPI comparing the high status unfair and low status unfair conditions showed that the change in functional connectivity between the right AI and aMCC was positively associated with the difference between the participants' rejection rates in these two conditions. It is possible that in the high-status condition, relative to the low-status condition, the stronger connectivity between the AI and aMCC is associated with a greater motivation to punish unfair behaviors, as the aMCC is involved in conflict resolution and may act to initiate altruistic punishment by overriding the self-interested motivations to accept unfair offers and gain more money. In support of this explanation for the relationship between the AI and aMCC, there is an abundance of research confirming both the structural and functional connectivity between these two brain regions (Watson et al., 2006; Sridharan et al., 2008; Craig, 2009; Taylor et al., 2009) . In a recent study, Klumpp et al. (2012) revealed that compared with patients with generalized social anxiety disorder, healthy controls evidenced stronger AI-dorsal anterior cingulate (dACC) connectivity when processing fearful faces, suggesting an important role of the AI-dACC network in cognitive control and emotion regulation. In addition, the aMCC and AI are often co-activated in the unfairness vs fairness contrast (Sanfey et al., 2003; Civai et al., 2012; Corradi-Dell'Acqua et al., 2013; Craig, 2009 ; for a review, see Feng et al., 2015) . Our results extended previous neuroimaging studies by showing that the connectivity between the AI and aMCC is associated with fairness-related behavior.
Conclusion
By manipulating the social status of participants in the UG, we found that participants endowed with high status were more likely to reject unfair offers than when they were endowed with low status. In addition, this effect was tracked by activity in the rAI and by its functional connectivity with aMCC, further implicating these two brain regions in being responsible for punishing violators of social norms. Finally, the fairness-related amygdala and thalamus activity was modulated by social status, suggesting that, in line with past research, these regions may be responsible for encoding both social status and fairness-related stimuli. These findings demonstrate that social status affects the behavioral and neural responses to asset distributions.
